preparation of alkaloids such as histrionicotoxin.
14 Our methodology provides an alternative cyclization mode by displacement of a halide rather than conjugate addition. 15 This paper describes the simple preparation of functionalized ketones and their efficient cascade chemistry to give spirocyclic products.
We needed access to a variety of ketones to explore the effect on the cascade chemistry of the tether length between the carbonyl and the alkyl halide, and between the carbonyl and the alkene. These were prepared readily (~50% yield) by addition of Grignard reagents to acid chlorides, 16 however better yields of the ketones 1aÐd were obtained by addition of copper (I) bromide as a catalyst (Scheme 1).
Scheme 1 Preparation of ketones 1aÐd. i, Mg, THF, 72 ¡C, 3 h, then Ð78 ¡C, 10 mol% CuBr, then addition of the acid chloride and warm to room temp. over 17 h.
With ready access to the ketones 1aÐd in-hand, we set about testing the condensation, cyclization, and dipolar cycloaddition cascade chemistry. Heating the ketone 1a with the hydrochloride salt of hydroxylamine and N,N-diisopropylethylamine in toluene gave the spirocyclic product 2a in 75% yield as a single regio-and diastereoisomer (Scheme 2).
Likewise, heating ketone 1b with hydroxylamine gave the product 2b. The reaction likely proceeds through condensation of the ketone and hydroxylamine, and displacement of chloride to give nitrone 3, followed by dipolar cycloaddition to give the products 2a and 2b. Scheme 2 Cascade chemistry with the ketones 1aÐb. i, 1.5 equiv. NH 2 OHáHCl, i Pr 2 NEt, PhMe, 110 ¡C, 17 h, or with added 10 mol% n-Bu 4 NI and 3.5 h to give 2b, 89%.
Both ketones 1a and 1b reacted quickly with hydroxylamine, as judged by TLC analysis. An oxime intermediate could not be observed from ketone 1a, indicating that cyclization with displacement of chloride is fast for 5-membered ring formation. However the cyclization was slower to give nitrone 3b (m = 2). The efficiency of this process could be improved by addition of 10 mol% n-Bu 4 NI. Cyclization on to the iodide should then be faster to give the 6-membered ring nitrone, and indeed in the presence of n-Bu 4 NI as a catalyst the yield of the product 2b increased to 89% with a reaction time of only 3.5 h. The oximes from these ketones should be formed as a mixture of E and Z isomers, yet only one of these (the Eisomer assigning the haloalkyl chain as a higher priority) can undergo ready cyclization to displace the halide. The high yields in the process indicate that the undesired Z-isomer can isomerise to the E-isomer.
The cascade chemistry with ketones 1a and 1b provided a single regioisomer of the products 2a and 2b (Scheme 2). In contrast, the homologues 1c and 1d, with the extra methylene unit between the ketone and the alkene dipolarophile, gave a mixture of regiosiomeric products (Scheme 3).
Scheme 3
Cascade chemistry with the ketones 1cÐd. i, for 1c, 1.5 We found that, in the absence of n-Bu 4 NI, the ketone 1d gave predominantly the oxime with only a small amount of the mixture of regioisomeric cycloaddition products. The regioisomeric cycloadducts were inseparable but each was a single stereoisomer as expected due to the constrained tricyclic ring structures.
The cycloadducts 2aÐb were heated with zinc and acetic acid to reduce the NÐO bond to give the amino-alcohol products 5a and 5b (Scheme 4). Likewise, the mixture of 2c+4c (and of 2d+4d) gave the amino-alcohols 5c and 6c (and 5d and 6d) which were separable thereby providing single isomers of the desired products (Scheme 5). Single crystal X-ray analysis confirmed the structure and relative stereochemistry of the amino-alcohol 5d (formed from the cycloadduct 2d).
Scheme 4 Formation of amino-alcohols 5aÐb.
Scheme 5 Formation of amino-alcohols 5cÐd and 6cÐd.
To influence the regiochemistry of the cycloaddition, we opted to install an electronwithdrawing group at the terminus of the alkene dipolarophile. 13, 18 Cross metathesis with methyl acrylate gave the ketones 7c and 7d (Scheme 6). Subsequent treatment of these ketones with hydroxylamine promoted nitrone formation and cycloaddition and we were pleased to find that a single regioisomer (and stereoisomer) was produced in each case. A possible arrangement for the cycloaddition, which explains the stereochemical outcome and matches that proposed in related work by Grigg and co-workers, 13 is shown in Scheme 6. Treating the cycloadducts 8c and 8d with zinc and acetic acid reduced the NÐO bond and promoted cyclization of the resulting secondary amine with the ester to give the lactam products 9c and 9d (Scheme 7). Single crystal X-ray analysis confirmed the structure and relative stereochemistry of the lactam 9d.
Scheme 7
Formation of lactams 9cÐd.
The methodology described above provides good yields of spirocyclic amines from acyclic ketones. To enhance the attractiveness of this approach from a medicinal chemistry perspective, we wanted to decrease the lipophilicity of the compounds and incorporate a further handle for functionalization. This could be achieved by having a heteroatom in the chain in place of one of the methylene units.
Initially we chose the ketone 11 for these studies and this was prepared in two steps from the ketone 10 by regioselective bromination, 19 followed by reaction with diallylamine (Scheme 8). Heating the ketone 11 with the hydrochloride salt of hydroxylamine and N,Ndiisopropylethylamine in toluene gave only a low yield (20%) of the tricyclic product 12 and it was apparent that the ketone 11 was unstable at high temperatures. The presence of an amino group within the molecule prompted us to explore the cascade chemistry in the absence of added N,N-diisopropylethylamine and we were pleased to find that this allowed the formation of the desired product 12 in improved yield (41%). The low yields are likely a result of the amino group in the chain reacting with the alkyl chloride. It was possible to reduce the NÐO bond of the cycloadduct 12 to provide the amino-alcohol product 13.
Scheme 8
Cascade chemistry with the ketone 11.
To improve this chemistry, we treated the amine 11 with benzyl chloroformate to displace one of the allyl groups to give the carbamate 14 (Scheme 9). This substrate was better behaved in the cascade chemistry and led to the formation of tricyclic product 15 in high yield as a single isomer. This product was converted to the amino-alcohol 16 by reduction of the NÐO bond. To further exemplify this chemistry, the ketone 19 was prepared, starting with the known bromide 17 (Scheme 10).
20 Addition of diallylamine gave the ketone 18 (which did not undergo the cascade chemistry and gave a complex mixture on heating with NH 2 OHáHCl).
Conversion of the ketone 18 to the ketone 19 was carried out with methyl chloroformate.
Scheme 10
Cascade chemistry with the ketone 19.
As expected based on our earlier work (Scheme 3), heating the ketone 19 with the hydrochloride salt of hydroxylamine and N,N-diisopropylethylamine gave a mixture of the regioisomeric products 20 and 21. These were inseparable and the ratio of isomers was not give a nitrone, and intramolecular dipolar cycloaddition to give tricyclic products. The NÐO bond in the product can be reduced to give spirocyclic amines with a variety of ring sizes and substitution. The compounds prepared by this chemistry could find application as scaffolds for drug discovery.
EXPERIMENTAL SECTION
All reagents were obtained from commercial suppliers and were used without further purification unless otherwise specified. Petrol refers to petroleum ether (b.p. 40Ð60 ¡C).
Reactions were carried out under nitrogen using oven-dried glassware. Thin layer chromatography was performed on silica plates and visualised by UV irradiation at 254 nm or by staining with an alkaline KMnO 4 dip. Column chromatography was performed using silica gel (40Ð63 micron mesh). 1-Chlorodec-9-en-5-one 1b. 16 To a suspension of magnesium (0.11 g, 4.43 mmol) in THF (8 mL) at room temp., was added 5-bromo-1-pentene (0.50 mL, 4.22 mmol) slowly, and the mixture was heated to 72 ¡C. After 3 h, the mixture was allowed to cool to room temp. The mixture was cooled to Ð78 ¡C followed by adding copper bromide (0.06 g, 0.42 mmol). After 10 min, 5-chlorovaleroyl chloride (0.55 mL, 4.22 mmol) was added and the mixture was allowed to warm to room temp. over 17 h. The mixture was diluted with saturated aqueous ammonium chloride (5 mL) and was extracted with Et 2 O (3 × 10 mL). The combined organic layers were dried (MgSO 4 ), filtered, and the solvent was evaporated. 
1-Chlorodec-9-en-4-one 1c.
To a suspension of magnesium (0.20 g, 8.23 mmol) in THF (16 mL) at room temp., was added 6-bromo-1-hexene (1.0 mL, 7.5 mmol) slowly, and the mixture was heated to 72 ¡C. After 3 h, the mixture was allowed to cool to room temp. The mixture was cooled to Ð78 ¡C followed by adding copper bromide (0.11 g, 0.75 mmol). After 10 min, 4-chlorobutyryl chloride (0.85 mL, 7.5 mmol) was added and the mixture was allowed to warm to room temp. over 17 h. The mixture was diluted with saturated aqueous ammonium chloride (5 mL) and was extracted with Et 2 O (3 × 10 mL). The combined organic layers were dried (MgSO 4 ), filtered, and the solvent was evaporated. Purification by flash column chromatography, eluting with EtOAcÐpetrol (0.5:99.5 to 2:98), gave the ketone 1c
( 1.20 1-Chloroundec-10-en-5one 1d. 16 To a suspension of magnesium (0.19 g, 7.85 mmol) in THF (15 mL) at room temp., was added 6-bromo-1-hexene (1.0 mL, 7.5 mmol) slowly, and the mixture was heated to 72 ¡C. After 3 h, the mixture was allowed to cool to room temp. The mixture was cooled to Ð78 ¡C followed by adding copper bromide (0.11 g, 0.75 mmol). After 10 min, 5-chlorovaleroyl chloride (1.0 mL, 7.5 mmol) was added and the mixture was allowed to warm to room temp. over 17 h. The mixture was diluted with saturated aqueous ammonium chloride (5 mL) and was extracted with Et 2 O (3 × 10 mL 4, 138.4, 114.6, 44.6, 42.6, 41.7, 33.5, 31.9, 28.4, 23.2, 21. (1RS,9RS) 6 ]tridecane 2d and (1RS,8RS) 6 ]tridecane 4d. To ketone 1d (751 mg, 3.71 mmol) in toluene (37 mL) was added hydroxylamine hydrochloride (387 mg, 5.57 mmol), diisopropylethylamine (2.0 mL, 11.1 mmol) and tetra-n-butylammonium iodide (137 mg, 0.37 mmol) and the mixture was heated to 140 o C. After 24 h, the mixture was allowed to cool to room temp. 4, 69.1, 65.3, 63.0, 53.0, 50.2, 45.8, 38.8, 35.6, 33.8, 33.7, 31.2, 30.7, 24.7, 24.6, 24.4, 23.5, 23.2, 22.0, 20.9, 19.8, 19.6 -5-azatricyclo[6.4.0 172.9, 81.4, 72.6, 54.7, 52.3, 50.0, 33.8, 32.9, 23.9, 22.9, 21.4 -6-azatricyclo[7.4.0.0 1,6 ] 3, 52.1, 44.4, 35.5, 30.6, 24.8, 22.7, 21.7, 20.5, 19. 
Methyl (1RS,7RS,8RS)-6-Oxa

Methyl (1RS,8RS,9RS)-7-Oxa
(5RS,10aRS,10bRS)-5-Hydroxy-octahydro-1H-cyclohexa[h]pyrrolizin-6-one 9c. Zinc powder
(286 mg, 4.37 mmol) was added to cycloadduct 8c (234 mg, 1.04 mmol) in AcOH/H 2 O (5 mL, 1:2), and the mixture was heated to 70 ¡C. After 2 h, before being allowed to cool to room temp., the zinc salts were filtered, washing the filtrate with CH 2 Cl 2 (20 mL), and the solvent was evaporated. The residue was partitioned between aqueous ammonia (18 M, 10 mL) and CH 2 Cl 2 (20 mL) and was separated. The aqueous layer was extracted with CH 2 Cl 2 (3 × 20 mL), and the combined organic layers were dried (MgSO 4 ), filtered, and the solvent was 4, 79.4, 69.8, 45.3, 40.1, 35.2, 34.8, 25.8, 23.3, 23.2, 22.4 
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.
5-Chloro-1-[di(prop-2-en-1-yl)amino]pentan-2-one 11.
To 5-chloro-2-pentanone 10 (2.0 mL, 16.5 mmol) in methanol (20 mL) was added bromine (0.80 mL, 16 mmol) slowly at Ð10 ¡C.
The mixture was stirred at Ð10 ¡C for 1 h, then at room temp. for 1 h. Water (10 mL) and sulphuric acid (18 M, 10 mL) were added and the mixture was stirred at room temp. for 17 h.
The mixture was diluted with water (20 mL) and was extracted with Et 2 O (3 × 30 mL). The combined organic layers were washed with 10% aqueous solution NaHCO 3 (30 mL), water (30 mL), then dried (MgSO 4 ), filtered, and the solvent was evaporated to give 1-bromo-5-chloro-2-pentanone (3.61 g, 18.1 mmol) as an oil (used without further purification). To this bromide (3.61 g, 18.1 mmol) in acetonitrile (60 mL) was added diallylamine (2.25 mL, 18.1 mmol) and potassium carbonate (3.75 g, 27.1 mmol) at room temp. After 17 h, the reaction mixture was diluted with 10% aqueous NaHCO 3 (15 mL) and water (15 mL) and was extracted with EtOAc (3 × 30 mL). The combined organic layers were dried (MgSO 4 ), filtered, and the solvent was evaporated. Purification by flash column chromatography, eluting with EtOAcÐpetrol (1:9 to 1:4), gave the ketone 11 (2.98 g, 13.8 mmol, 76%) 4, 135.0, 118.4, 62.6, 57.8, 44.5, 36.9, 26.2; (1RS, 5RS) 8, 116.8, 81.8, 71.3, 65.4, 58.5, 58.0, 56.1, 55.7, 36.4, 24.4 ; HRMS (ESI-TOF) m/z: C 11 H 18 N 2 O 195.1492; Found 195.1496; LRMS m/z (ES) 195 (100%, MH + ) .
[ (5RS, 6, 116.9, 70.3, 67.0, 62.6, 59.1, 55.2, 47.0, 45.9, 38.0, 25.4 4, 136.7 & 136.6, 128.5 & 128.4, 128.0 & 127.95, 127.9 & 127.8, 82.3 & 81.3, 71.4, 66.9, 56.5, 54.8 & 54.1, 50.0, 35.3 & 35.1, 25. 1 & 154.9, 136.7, 128.4, 128.1 & 128.0, 127.8, 70.2 & 69.5, 66.9, 61.2 & 60.8, 57.8 & 57.2, 47.4 & 46.9, 46.1, 45.9 & 45.3, 35.4 & 34.6, 25.9 amino]hexan-3-one 18. To ketone 17 (1.68 g, 7. 87 mmol) in EtOAc (40 mL) was added diallylamine (1.0 mL, 7.87 mmol) and triethylamine (1.10 mL, 7.87 mmol) at room temp. After 17 h, the reaction mixture was diluted with 10% aqueous NaHCO 3 (15 mL) and water (15 mL) and was extracted with EtOAc (3 × 40 mL). The combined organic layers were dried (MgSO 4 ), filtered, and the solvent was evaporated.
Purification by flash column chromatography, eluting with EtOAcÐpetrol (1:9 to 1:4), gave Methyl 3 &208.0, 156.6, 133.7, 117.2 & 116.6, 52.7, 50.3, 44.4, 42.5 & 41.9, 41.5 & 41.0, 39.6, 26 5 ]dodecane-9-carboxylate 20 and Methyl (1RS,8SR) 1, 71.6, 70.5, 70.0, 64.3, 63.3, 56.8, 56.6, 52.8, 52.6, 48.6, 47.3, 46.0, 41.3, 38.7, 37.9, 34.1, 33.9, 24.4 
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